I shall first present in summary fashion an over-all picture of the present status of research on gastric secretion, and then some recent work that I believe will be of general interest. This recent work is concerned with findings which could be interpreted to mean that the permeability, particularly the K + permeability, of the frog's mucosa is a function of the metabolic state of the tissue (1, 2) . For m y purposes permeability is operationally defined as being a function of the response of the potential difference (PD) to changes in the ionic composition of the external medium.
M E T H O D S
The gastric mucosa is mounted ( Fig. 1 ) between two chambers (3, 4) . Two pairs of electrodes are used, one for sending current and one for measuring the PD. The resistance is determined as the APD (0.5 see) per unit of applied current. In terms of the Cole equivalent circuit (6) the series resistance of the mucosa is only a small fraction of the total resistance (7, 8) . The H + rate is measured by a pH stat technique (3) . Measurements of the redox state of the components of the electron transport system are made by the dual-beam technique (9) .
S U M M A R Y O F T H E P R E S E N T S T A T U S
T h e diagram in Fig. 2 will be used to present the summary of the present status. The H + rate can be controlled by the directional application of an external current (10) and equals the rate of appearance of H C O 3 -in the nutrient medium (11, 12) . The CI-and H + move against their respective electrochemical potential gradients, and the minimum free energy necessary for the CI-transport is about 20 % of that for H + transport (4) . Under the usual conditions the N a + and K + move down their respective electrochemical potential gradients. However, under some conditions K + and N a + may be actively transported at small rates, K + into the lumen (13) and N a + into the interstitial fluid (ISF) (14) (15) (16) . With C1-bathing media, the permeability of the nutrient membrane, measured as the response of the PD to changes in ionic composition of the bathing medium, is almost entirely due to K + and C1-; the relative permeability to H C O s -, O H -, H +, and other ions is essentially zero, and it is postulated that there is a carrier exchange for C1-and H C O 3 -across the nutrient membrane (5, 17) .
s
The Journal of General Physiology Inside the cells the concentrations of N a + and C I -are high c o m p a r e d with those in other tissues, and K + is also high as c o m p a r e d with the extracellular concentration (18) (19) (20) . Most of the intracellular K + seems to be c o m p a r t m e n t a l i z e d (21) (22) (23) . T h e K + in the continuous phase of the cytoplasm appears to be essential for some biochemical reaction necessary for H + secretion. W i t h zero external K +, the H + rate goes to zero without much loss of tissue K + (21, 22) , and cytochrome a~ of the mucosa responds normally to anoxia and to the readmission of 0 2 (Sanders, S. S., and W. S. Rehm. U n p u b l i s h e d observations), indicating that the biochemical reaction (or reactions) for which K + appears to be essential is not a mitochondrial one, but is either a cytoplasmic reaction or a reaction in the secretory membrane. It is of interest that Forte et al. (24) found a K+-stimulated, Mg++-requiring p-nitrophenyl phosphatase in the microsomal fraction of mucosa. M y picture of the events in the secretory m e m b r a n e is essentially the same as it was when I proposed a theory of HC1 secretion according to which there are separate electrogenic mechanisms for the I-I + and C1- (25) . T h e evidence for this theory has been summarized elsewhere (26) (27) (28) . left it can be seen that, with C1-m e d i u m , increasing the K + in the nutrient fluid from 4 to 79 m g results in an increase in the negativity of the nutrient side, indicating a greater permeability to K + t h a n to N a +. I n the lower left, again with C1-medium, the response to an increase of K + on the secretory side is shown. T h e r e is an initial increase in positivity of the nutrient which is followed by a decline to the control level. T h e initial increase in PD indicates a greater permeability to K + t h a n to N a +, b u t the subsequent change in PD indicates the opposite. ' 79K~r' medium. The change in PD indicates a high relative permeability to K + of the nutrient membrane in both S O c and C1-and of the secretory membrane in SO4 = medium. The problem of the permeability of the secretory membrane will not be discussed further in this paper. 
8). This work confirms and extends that of Harris and Edelman (30).
With sulfate medium the response to K + yields a APD per 10-fold change of [K +] of about 25 my. It would appear that the relative permeability of the nutrient to ions other than K + increases after the replacement of CI-medium with SO,= medium. However, preliminary experiments designed to determine the ions for which the relative permeability has increased have led to a dilemma. The relative permeabilities of the other ions have not increased.
Before proceeding further I should like to point out that anoxia reduces the absolute value of the PD to about zero and also results in a marked increase in the resistance (27, 32) . One interpretation of the increase in resistance is that deprivation of the energy supply to the H + and CI-electrogenic pumps results in an increase in their internal resistance (33) . Another interpretation of the increased resistance would be that the passive permeability of the membrane decreases (1, 2) . It is pos-sible that the increase in resistance with anoxia is a result of both these factors. The question arises whether the passive permeability changes with anoxia.
The apparent permeability of the nutrient membrane to K + decreases with anoxia (Fig. 6) ; that is, the response of the PD to changes in [K +] decreases (1, 2) . This effect is readily reversible. The response of the PD to changes in the CI-is also reversibly depressed by anoxia (1, 2) . The sum of the two responses per 10-fold change is depressed by anoxia to a value well below the theoretical maximum of 58 inv. It would be expected that the relative permeability to some other ion or ions must be increased, but it is not. Fig. 7 gives some idea of the rate of change of the apparent permeability to K + with the readmission of 02 (2) . Again, we see that with anoxia there is a decrease in O3 is readmitted and the PD changes to the predicted level within 3 to 5 min. The change in the apparent K + permeability is relatively fast. Fig. 8 shows a similar experiment with S O~ medium (1). An increase in nutrient K + from 4 to 79 mM resulted in the expected increase in negativity of the nutrient side. In SO4 = the PD is inverted (the nutrient is now negative), as would be predicted on the basis of the assumption that the major transport system is an electrogenic H + pump. Following anoxia the PD rapidly changes from about --25 mv to about -t-4 mv and the response to an increase in K + is greatly depressed. Upon readmission of 02 the PD rapidly changes to a level predicted by the results before anoxia, again indicating a rapid recovery of the apparent permeability to K +.
It is clear that anoxia changes the magnitude of the response of the PD to changes in the ambient K +. Although I am not going to present any of the dinitrophenol data, it may be stated that we found that DNP also reduces the response of the PD to changes of K + and/or C1-(I, 2).
These findings raise a number of questions concerning the relationship between the metabolic state and the physiological characteristics of the limiting cellular membranes. One interpretation of these data is that the permeability, as determined by the APD method, of the nutrient membrane to K + and C1-is depressed by anoxia and dinitrophenol. This is in contrast to findings on the squid axon; the permeability does not change after inhibition of the Na + pump by DNP (34) . The question arises whether it is possible to interpret the data on frog mucosa on the basis of the assumption that anoxia and DNP do not change the permeability of the nutrient membrane to K + and C1-. Before presenting such an interpretation I should like to review the effects of anoxia on the PD and resistance. Anoxia (Fig. 9 ) produces an increase in resistance, and readmission of 02 results in a rapid return of the resistance to its control level (27) . There is evidence indicating that the locus for the increase in resistance is the secretory membrane (35) . Mucosae bathed in Cl-medium also show a reversible increase in resistance with anoxia. An explanation of the effects of anoxia on the response of the PD to changes in external K + on the assumption that the permeability of the nutrient membrane is not changed by anoxia is illustrated in Fig. 10 . In the upper left a diagram of the tubular cells based on electron microscopy (36) (37) (38) and in the upper right an equivalent circuit for the tubular cells are shown. It is assumed that the intercellular resistance, Rs, of the zonula ocdudens (36, 39 ) is high but not infinite and that the relative mobilities of the ions in the zonula occludens are the same as in aqueous solutions. The resistance of the secretory membrane, R~2, is assumed to be a function of the resistances of the electrogenic H + and C1-pumps. The resistance of the nutrient membrane, R45, is assumed to be entirely a function of the permeability of this membrane to K + and CI-. For the present purposes the resistance R~6 (and E4~) could just as conveniently have been placed on the nutrient membrane facing the ISF. The equivalent circuit illustrating the effects of changing the ionic composition of the nutrient fluid is shown at the lower left of Fig. 10 . It is assumed that, for a specific change in the ionic composition of the nutrient fluid, the change in E46 is independent of the metabolic state, i.e., the permeability of the nutrient membrane is the same in 02 as in N2. In this equivalent circuit the only emf shown is AE45, since the change in PDNs (APDNs) on the basis of the above assumption would be a function of AE45, R3, R12, and R~5. The value of APDNs would equal -R J , where I represents the change in current in the circuit due to AE45. When R3 >> RI2 -R45, then APDNs -AE45, and we should expect, as was found experimentally with C1-medium and 02, a slope equal to the theoretical maximum. Now if anoxia increases R12, then with R3 =" R~ >> R45 the APDNs --0.5 AE45. When SO4 = medium replaces C1-medium there is a large increase in resistance, and if this increase is due to an increase in R12 and R45, then an explanation can be offered for the result in SO4= medium on the basis of the assumption that the nutrient membrane is permeable to only the K + and that AE45 per 10-fold change of K + is 58 mv, the magnitude of R3/(R~2 -t-R3 -t-R45) being substantially less in SO4 = than in CI-medium.
There are a number of observations that are difficult to explain on the assumption that agents or procedures that decrease the response of the PD to ionic changes in the nutrient membrane do so by changing the permeability of this membrane. In fact, in the past we have been struggling with a mass of seemingly contradictory and uninterpretable data. This state of affairs was the result of our interpreting the change in response of the PD to changes in [K +] and [C1-] on the basis of the assumption that the characteristics of the nutrient membrane were changed. With the concepts presented in Fig. 10 , we have been able to explain on a satisfactory basis a number of seemingly conflicting observations. I believe that the concepts presented in Fig. 10 represent a modest breakthrough in the field of ion transport. I believe it will be possible by the use of these concepts to explain a lot of puzzling observations on other tissues, such as the findings of Snell and Chowdhury on the toad bladder and frog skin (40) . These workers found that the response of the PD to changes in the [K+J of the nutrient fluid was markedly influenced by the ionic composition of the bathing medium on the opposite side.
I do not wish to leave the impression that I believe all the details of the scheme presented in Fig. 10 rest on a firm experimental foundation. All I am attempting to do is to show that on the basis of a scheme such as this it is possible to explain the changes in the response of the PD to changes in the ionic composition of the nutrient fluid without postulating a change in the passive permeability of the nutrient membrane. A more elaborate scheme will undoubtedly be needed to explain all the experimental results.
My summary is very simple. The magnitude of the response of the PD to changes in the concentration of K + and C1-of the nutrient medium is decreased by anoxia and dinitrophenol. The depression of this response with anoxia is rapidly reversed upon the readmission of 0~.. It is possible to explain these findings on the basis that the permeability of the nutrient membrane is not changed by anoxia and DNP.
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